Our aim was to determine the effect of the initial pattern of fracture and the displacement of fragments on the outcome of proximal humeral fractures treated conservatively. We followed 93 consecutive patients prospectively for one year. The classification proposed by Neer 1 has been used for decades to guide decisions as to treatment of fractures of the proximal humerus.
Our aim was to determine the effect of the initial pattern of fracture and the displacement of fragments on the outcome of proximal humeral fractures treated conservatively. We followed 93 consecutive patients prospectively for one year. Final movement and strength were compared with those of the contralateral side. The final American Shoulder and Elbow Society score and the Disabilities of Arm, Shoulder and Hand and Short-Form 36 questionnaires were compared with those provided by the patient on the day of the injury. Radiographs and CT scans with three-dimensional reconstruction were obtained in all patients. The pattern of the fracture and the displacement of individual fragments were analysed and correlated with the final outcome. There were two cases of nonunion and six of avascular necrosis. The majority of the fractures (84 patients; 90%) followed one of the following four patterns: posteromedial (varus) impaction in 50 patients (54%), lateral (valgus) impaction in 13 (14%), isolated greater tuberosity in 15 (16%), and anteromedial impaction fracture in six (6%). Head orientation, impaction of the surgical neck and displacement of the tuberosity correlated strongly with the outcome.
In fractures with posteromedial impaction, a poor outcome was noted as the articular surface displaced inferiorly increasing its distance from the acromion. A poorer outcome was noted as a fractured greater tuberosity displaced medially overlapping with the posterior articular surface. Lateral impaction fractures had a worse outcome than other patterns of fracture.
The classification proposed by Neer 1 has been used for decades to guide decisions as to treatment of fractures of the proximal humerus. 2 However, the criteria were selected arbitrarily 3 and at the time little attention was paid to the consequences of the injuries on the patientperceived quality of life. They were developed when advanced imaging methods, such as CT with three-dimensional (3D) reconstruction, were not available. Since then other authors have described patterns of fracture and fragments which were not initially included in Neer's classification. 4, 5 Although the displacement of the fracture is generally accepted to affect the outcome after conservative treatment of fractures of the proximal humerus, 6 there is little information about the amount of displacement of each fragment which may be allowed to obtain a reasonably good result, and on the combined effect of the configuration of the fracture and the displacement upon the outcome. We hypothesised that the pattern of the fracture and the displacement of the fragments would influence the outcome, and that the initial findings would help to predict the function and loss of movement after conservative treatment. Our aim was to determine the relationship between the initial pattern and displacement of the fracture and the outcome in a consecutive group of patients treated conservatively.
Patients and Methods
After approval of the Institutional Review Board, all patients with a fracture of the proximal humerus evaluated at the Emergency Department of our hospital between March and September 2005 were considered for inclusion in the study. The on-call orthopaedic team recommended either conservative or surgical treatment based on the morphology of the fracture, the age of the patient, the functional demands and comorbidities. Patients selected for conservative treatment were asked to participate in the study if they were aged 18 years or older, had a unilateral fracture, had no other associated injuries or previous fracture involving the shoulder and had preserved cognitive function as determined by the Pfeiffer test. 7 During this period 132 patients were evaluated, in whom surgical treatment was proposed and accepted in ten. Of the remaining 122, 111 fulfilled the inclusion criteria and were included in the study. All gave informed consent. Within the first 12 months after their fracture seven died as a result of unrelated causes and 11 were lost to follow-up. The remaining 93 patients were followed for one year and formed the basis of our study.
There were 73 women and 20 men with a mean age of 71 years (26 to 93). The cause of injury was a fall from standing height in 79 (84.9%), a high-energy injury (motor-vehicle accident or a major fall from a height) in eight (8.6%), and a sport-related injury in six (6.5%). There was a history of previous pathology in the affected shoulder in 12 patients (12.9%) for which none had required surgery. Comorbidities included heart disease in 16 patients (17.2%), diabetes mellitus in ten (10.8%), gastrointestinal disease in nine (9.7%) and pulmonary disease in seven (7.5%). Protocol of treatment. The treatment was identical in all the patients. They were instructed and supervised by the same orthopaedic surgeon (AMF). No attempts at closed reduction were made. The affected upper limb was protected in a commercially available shoulder immobiliser for the first two weeks after the fracture. A home programme of passive and active assisted range-of-movement exercises was then initiated within the range of pain tolerance for four more weeks, protecting the arm in the sling between the exercise periods. Stretching exercises were added at six weeks and shoulder elevation, external and internal rotation elastic rubber-band strengthening exercises 8 were started at 12 weeks and continued for three months. Clinical evaluation. At the time of their first evaluation immediately after the fracture, the patients were requested to mark on a visual analogue scale (VAS), ranging from 0 to 10, the mean level of shoulder pain which they had experienced during the six months before the fracture. They were also requested to complete the Disabilities of Arm, Shoulder and Hand (DASH) 9 and the Short-Form (SF)-36 10 questionnaires, and the American Shoulder and Elbow Society (ASES) 11 score was calculated to determine the functional status before the fracture. Active movement of the healthy shoulder was measured by a goniometer for elevation and external rotation, and internal rotation was determined as the highest spinal level reached by the thumb. Strength was also graded for the healthy shoulder on a scale from 1 to 5, with 5 defining normal strength and 1 indicating paralysis.
The patients were then assessed at three, six and 12 months after their fracture for pain and satisfaction using the VAS, and for movement and strength bilaterally as detailed above. The DASH and SF-36 questionnaires were completed again and the ASES score was calculated. The results at 12 months were also graded as excellent, satisfactory or unsatisfactory using the modified Neer rating system. 12 All clinical evaluations and gathering of data were performed by a single investigator (AMF).
Radiological evaluation. All radiographs were standardised according to an established protocol and carried out under direct supervision by the same physician (AMF). The projections included an anteroposterior (AP) radiograph in the plane of the scapula with the arm in 20° of external rotation, a lateral 'Y view' with the forearm parallel to the image receptor, and an axillary view taken with the patient standing with the x-ray beam coming from the floor towards the axilla, and the image receptor over the patient's shoulder, the arm being separated from the body passively as in a pendulum exercise 8 in order to obtain radiographs of good quality without excessive pain. Radiographs were obtained for both shoulders at the time of the fracture, and for the affected shoulder at three, six and 12 months. Additional AP and lateral radiographs were taken at two and six weeks to assess possible displacement. The affected shoulders were also evaluated by CT including 3D and threeplanar reconstruction referenced to the scapular plane, immediately after the injury and at 12 months.
All the digital radiographs and CT scans were corrected for magnification and the morphology of each individual fracture was analysed based on these, including spatial rotation of 3D reconstructions. Commercially available software (Autocad 2004; Autodesk Inc., San Rafael, California) was used to calculate the measurements listed in Table I for both the radiographs and the CT reconstructions (Fig. 1) . The diaphyseal axis was used to define inferior, superior, medial and lateral on the AP and lateral radiographs and on the coronal and sagittal CT reconstructions. The measurements were referenced to this axis. The perpendicular to the glenoid surface was used to define anterior, posterior, medial and lateral on the axillary radiographs and on the axial CT reconstructions and the measurements were also referenced to this axis. For each individual fracture, the CT scan which showed the maximum displacement was selected for each individually analysed fragment. The same researcher (MMdeG) formatted all the image tests and another (AMF) performed all the measurements. Statistical analysis. This study was designed to compare the final outcome with the pre-injury status as judged by the scores obtained on the day of the injury and the movement and strength of the contralateral shoulder. The variables selected for analysis included pain, the ranges of active elevation, external rotation and internal rotation and the ASES and the DASH scores. For each of these variables, the parameter of interest was defined as the differences between each as measured at the baseline and at 12 months after the fracture. The analysis focused on examining the strength of association of these outcome measurements with age and gender, arm dominance, the pattern of the fracture and measurements of displacement of the fragments on the radiographs and CT scans.
Differences in outcome between the groups of fracture pattern were compared using the chi-squared test for categorical and analysis of variance for continuous variables.
Linear regression was used to evaluate the associations between the independent variables and the outcomes. All the variables were initially analysed univariately. Graphic representations of linear regressions were obtained to understand the direction of the relationship between the variables. Next, all the baseline variables were screened before inclusion in the multivariable analysis. We excluded six binary factors with fewer than five observations in one of the levels, seven Examples on a) an axial CT scan, b) a coronal CT scan and c) a sagittal CT reconstruction scan of computed-assisted measurements performed after correction for magnification. The numbers in parentheses correspond to the measurements given in Table I . factors which were measured after the fracture occurred and 13 radiological variables to eliminate redundant information because they were strongly correlated with the CT measurements. Of the remaining independent variables, those with missing observations were imputed using a recursive partitioning model approach in which the values of all the variables which were not missing were used to predict or estimate a particular missing value. The process was repeated for each variable with missing data, each time using the original data to generate the predicted values. The multivariable analysis used linear regression with stepwise selection. Separate models were used for each outcome. The variables selected by the stepwise selection were reviewed not only for their statistical significance but also for their clinical utility to yield the final models. Separate analyses were carried out for the two most frequent fracture patterns, namely posteromedial impaction fractures (n = 50), and posteromedial impaction fractures with associated fracture of the greater tuberosity, a subgroup of the former (n = 32). The results are given as the mean and SD and a p-value ≤ 0.05 was considered to be significant.
Results
Clinical and radiological outcome. Table II shows outcome variables before injury and at the most recent follow-up. Pain was rated as less than 3 by 62 patients (67%), between 3 and 6 by 25 (27%), and higher than 6 by six (6%).
The reasons for unsatisfactory results according to Neer's scale included pain in three shoulders, loss of movement in 12 and both in eight. Compared with their functional status during the six months before their fracture, 23 patients had lost 10 points or more in their DASH score. One year after the fracture, the mean SF-36 scores were 66 (SD 29) for physical functioning, 79 (SD 36) for physical role, 67 (SD 26) for bodily pain, 65 (SD 25) for general health, 69 (SD 22) for vitality, 90 (SD 18) for social functioning, 82 (SD 37) for emotional role and 70 (SD 18) for mental health.
The radiographs and CT scans at one year showed union of the fracture in 91 patients (97.8%). Nonunion at the level of the surgical neck occurred in two. In one this was due to a displaced fracture of the surgical neck, and in the other to a four-part valgus-impacted fracture. There was radiological evidence of avascular necrosis in six patients. This involved less than 20% of the humeral head in five with minimal symptoms. The remaining patient had avascular necrosis of most of the humeral head and complained of severe pain. Patterns of fracture. Of the fractures included in the study, 84 (90.3%) could be classified into one of four patterns: posteromedial (varus) impaction in 50 patients (53.8%), lateral (valgus) impaction in 13 (14.0%), isolated fractures of the greater tuberosity in 15 (16.1%) and anteromedial impaction in six (6.5%) (Fig. 2) . The remaining nine fractures (9.7%) did not fit into any of the patterns described above with four shoulders having variable non-displaced lines of fracture. One patient who refused surgery had a markedly displaced fracture at the surgical neck, one had impaction of the shaft into the head with undisplaced fractures of both tuberosities, one lateral displacement of the head with no involvement of the tuberosity and extension of the fracture plane along the lateral cortex of the metaphyseal-diaphyseal junction, one anteromedial impaction of the surgical neck with involvement of the greater tuberosity and one had an impression fracture of the articular surface.
Posteromedial (varus) neck impaction (50, 53.8%).
The main plane of the fracture was at the metaphyseal-epiphyseal junction with comminution and impaction of the When the greater tuberosity was fractured in this pattern, the fracture plane started lateral to the bicipital groove, leaving up to 50% of the greater tuberosity in continuity with the bicipital groove and the lesser tuberosity. The fracture plane exited posteriorly through either the greater tuberosity, the junction of the tuberosity with the head or When fractured, the fragment of the lesser tuberosity included the bicipital groove with a portion of the greater tuberosity as well, and sometimes a portion of the anterior articular surface. This fragment displaced anteriorly and medially with variable overlapping with the anterior articular surface.
Lateral (valgus) neck impaction with fracture of the greater tuberosity (13, 14.0%).
A fracture plane separated the articular surface and the lesser tuberosity from the shaft. The greater tuberosity was fractured from the head and the shaft in all cases in a plane similar to that described above, and was displaced posteriorly and medially leaving space for the head to tilt into valgus. In five of the 13 shoulders there was also a fracture of the lesser tuberosity with a fracture plane and pattern of displacement similar to that described above. Isolated fracture of the greater tuberosity (15, 16.1%) . Only the greater tuberosity was fractured with a plane similar to those described above. There was an associated glenohumeral dislocation in three cases. Anteromedial neck impaction (6, 6 .5%). The fracture plane separated the shaft from the head and tuberosities at the level of the surgical neck, but the comminution was anteromedial, so that the head rotated into varus, flexion and anteversion. The anterior aspect of the cortex of the shaft impacted into the anteromedial aspect of the head. Fracture pattern and outcome. The outcome differed depending on the pattern of fracture, with a larger percentage of unsatisfactory results in lateral (valgus) impacted fractures followed by posteromedial (varus) impacted fractures. In 62% (8 of 13) of lateral impacted fractures, 38% (19 of 50) of posteromedial impaction fractures regardless of tuberosity involvement and in 17% (5 of 30) of all other fractures combined (p = 0.01) there was a 10-point worsening in the DASH score and/or an unsatisfactory Neer result. Lateral (valgus) impacted fractures were three times more likely to result in a 10-point worsening in the DASH score than posteromedial (varus) impacted fractures (odds ratio 3.6, 95% confidence interval 1.01 to 12.8, p = 0.048). The differences between the fracture patterns were also statistically significant for elevation (p < 0.001), internal rotation (p = 0.04) and the Neer modified system (p < 0.001; Fig. 3 ). Displacement and outcome. Several measurements of displacement correlated with one or more outcome variables (Table III) . That most sensitive to deformity was elevation, being influenced by almost all the measured parameters. A change in shoulder pain was related to the height of the greater tuberosity compared with the height of the articular surface. For each 10 mm of superior location of the greater tuberosity related to the articular surface, an increase of 0.8 points was observed in the pain VAS (p = 0.05). It was also related to the distance of the articular surface from the acromion. For each increase of 10 mm in this distance there was an increase of 2.6 points in the pain VAS (p < 0.001).
Multivariable models (posteromedial-varus-impaction fractures)
. Six multivariable models were calculated for the posteromedial (varus) impaction group (n = 50), and five for the posteromedial (varus) impaction and greater tuberosity fracture subgroup (n = 32). Table IV shows the clinical relevance, statistical significance and predictive value of each of the models. 
Discussion
Most of the fractures could be classified into four major patterns. This approach, compared to other classification systems which are more comprehensive but difficult to remember and use, 13 is much simpler. The important features of each pattern have been described in order to understand better the morphology of the fracture and the diagnostic imaging. The characteristic 3D changes in orientation of the articular surface in each fracture pattern have been incompletely described in the literature. The fracture line separating both tuberosities is usually located in the anterior half of the greater tuberosity as opposed to the bicipital groove as described by Codman 14 and incorporated into the Neer classification. 1 The displacement of the tuberosities is mainly medial, with the greater tuberosity located above the articular surface usually as a result of inferior displacement of the latter due to either varus deformity or valgus tilt of the articular surface, as opposed to superior displacement of the tuberosity. 15 Most of the fractures were impacted at the level of the surgical neck, as has been previously reported. 16 The outcome was different for each pattern of fracture. The lateral (valgus) impaction group showed the worst results and had a higher rate of complications, accounting for one of the two cases of pseudarthrosis, the only case of global avascular necrosis and two of the five cases of partial necrosis, despite the group comprising only 13 cases (14.0%). This finding should be taken into account in decisions for treatment since various publications report a benign evolution of these fractures. 4, [17] [18] [19] There is not enough evidence in the literature to support the current recommendation of surgery when displacement is over 1 cm or 45°, independent of the pattern of the fracture, the fragment involved or the direction of the displacement. 1, 3, 20 As seen in Table III , varus deformity was related to pain, probably because of compromise of the subacromial space. Medial displacement of the greater and lesser tuberosities impaired external and internal rotation, respectively, because of impingement on the glenoid rim. In posteromedial impaction fractures, the varus deformity, posterior impaction and increased retroversion form the basis of the multivariable model for the increase in the DASH score (Table IV) . Since the humerus shortens at the posteromedial head-neck junction, the distance between the articular surface and the acromion is increased. This was strongly related to all the outcome variables and is present consistently in the multivariate models, emphasising its importance. Multivariate models provided information for predicting outcome for a specific patient based on the pattern of the fracture and displacement of the fragments (Table IV) . The influence of fracture morphology on the final results has been weighed and expressed as the coefficient of determination (R 2 ). Using the most modern imaging techniques available and dedicated software for measurements, up to 57% (R 2 value) of outcome variability could be explained only by the morphology of the fracture. When performing predictions based on these models, it should be taken into account that other factors may influence the results, so that the final outcome could differ from that predicted. Those factors could be related to the individual response to injury, the quality of the bone and soft tissue, the level of compliance with rehabilitation protocols and comorbidities. However, it is important to note that age, gender and arm dominance were all excluded as confounding factors by the multivariate analysis in our study.
Most authors recommend conservative treatment for minimally displaced fractures, and surgery for those most displaced without fragment contact, with associated injury or dislocation to the articular surface.
2, 21 The results of our study indicate that with moderately displaced fractures the pattern should be identified first in order to obtain an overall estimation of the prognosis and the estimated loss of function (DASH) or movement determined. The functional requirements and associated comorbidities of the patient will help in understanding whether or not conservative treatment will be appropriate.
Our study has several weaknesses. Conservative treatment was recommended for all the patients included in our study at the discretion of the on-call orthopaedic team. Some of these patients may have benefited from surgery, but at the time of completion of our study, most surgeons in our hospital were more inclined to recommend conservative treatment for fracture of the proximal humerus. In addition, the sample size of the study was not large enough to represent every single possible fracture of the proximal humerus and the displacement criteria identified may not apply to all types of fracture. Our study also has several strengths. It was prospective. All the patients underwent the same treatment protocol and were evaluated by a single investigator using several validated outcome tools. The same standardised imaging studies were used for all the shoulders. A comprehensive image analysis was carried out and all measurements of displacement were computer-assisted, corrected for magnification and undertaken by a single researcher.
Most fractures of the proximal humerus amenable to conservative treatment follow predictable patterns which may be readily recognised on radiographs of good quality and on CT scans with 3D reconstructions. The pattern of the fracture influences the outcome and the initial displacement of the fragments may be used to predict movement and loss of function.
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